One environmentally friendly approach for the fouling release coating is to create coating surfaces that can resist colonization by fouling organisms or minimize adhesion between marine organisms and material surfaces, leading to easy removal of biofoulants. In this paper a series of tris(trimethylsiloxy)silyl (M 3 T) containing methacrylate copolymers with low surface energy were synthesized for fouling release coating application. The surface and mechanical properties of copolymer coatings were characterized. The amount of curing group TMOSPMA and hard component PMA has an effect on the surface and mechanical properties; more curing group and more hard component resulted in better mechanical property. The three component copolymer (M 3 T-co-PMA-co-TMOSPMA) with a molar ratio of 2/8/3 was shown to be a formulation that formed hydrophobic coating with good mechanical properties with respect to B hardness. More studies are still needed to meet the requirements for commercial fouling release coatings.
INTRODUCTION
Biofouling of underwater structures and ships' hulls results in increased operational and maintenance costs. [1] To date, the most effective marine coatings contain toxic metal compounds, such as tributyltin (TBT) or copper [2, 3, 4] . Although these kinds of coatings are effective in preventing and minimizing fouling, the release and accumulation of such compounds in ocean waters is adverse or harmful to the environment. As a result, the International Maritime Organization (IMO) has recently instituted a ban on the use of TBT-containing marine paints, facilitating the need for the development of new environmentally friendly marine coatings.
One environmentally friendly approach to combating marine fouling has been to create coating surfaces that can resist colonization by fouling organisms or minimize the adhesive strength between marine organisms and coating surfaces so ________________________ as to allow for easy release of fouling organisms [5, 6, 7, 8, 9] . This has been achieved by creating low surface energy surfaces using polysiloxane coatings [10] . However, the poor mechanical properties and durability of these soft coatings has limited the commercial acceptance of this class of fouling release coatings. The coating materials described in this report are tris(trimethylsiloxy)silyl (M 3 T) containing methacrylate copolymers. The synthetic approach for these copolymers is shown in Figure 1 . The umbrella-like alignment of M 3 T groups on the coating surface is expected to offer low surface energy to protect the substrate from the attachment of marine organisms. Crosslinking agents such as trimethoxysilylpropyl methacrylate (TMOSPMA) and 2-hydroxyethyl methacrylate (HEMA) will cross link the polymers into a dense network and provide good mechanical properties. The coating surface properties and mechanical properties also can be tuned by changing the ratio of the feed monomers. 
EXPERIMENTAL

Synthesis of Tris-trimethylsilylpropyl Containing Methacrylate Copolymer
Tris-trimethylsilylpropyl containing methacrylate copolymers were synthesized by solvent polymerization using AIBN as initiator. A typical process for the solvent polymerization of a two component copolymer is described as follows: 20.0 g (47.3 mmol) M 3 T, different amount of TMOSPMA (eg. 1.17g, 4.7mmol), 1% (molar ratio of total monomer) AIBN (eg. 0.0854g) and 110 mL toluene were added to a 250 mL two-neck round bottom flask and stirred with magnetic stirrer. Then, the mixture was degassed using freeze-pump-thaw cycles and finally charged with Argon. After the temperature of the mixture was raised to room temperature, the mixture was stirred at 70 o C for 48 hours. The copolymer was then dried and subsequently dissolved in White Spirit. The other two-component copolymers and three-component copolymers were synthesized by analogous procedures.
Preparation of Coating on Carbon Steel Panel
The carbon steel panels were washed with isopropanol and dried at room temperature. The anti-corrosive undercoat Safeguard Universal ES (from Jotun) was firstly applied to the carbon steel panel. The prepared panels were stored in a sealed container until the next step. The synthesized copolymers were concentrated to the required concentration (about 30% by weight) by rotary-evaporation, mixed with catalyst or/and curing agent (about 1wt% of the pure copolymer), applied to the undercoat on the carbon steel panel using a 300 m draw-down bar and finally cured at room temperature for 5 days or at 80 o C for 4hrs.
Characterization
The structures of the copolymers were examined using a Bruker Avance 400 MHz NMR spectrometer, and the Component Analysis software invented by the GRC NMR team was used to analyze the components of the copolymers. The water contact angles of the coatings were measured by an OCA 20 instrument (DataPhysics). The coating hardness was tested by the pencil hardness tester (PPH-1, 1000g, Shanghai Xiandai Environment Engineering Technique Co., Ltd) using the standard procedure.
RESULTS AND DISCUSSION
Coating Properties of Copolymer (Tris-trimethylsilylpropyl Methacrylate-co-2-hydroxyethyl Methacrylate) (Poly(M3T-HEMA)
The copolymers poly(M 3 T-HEMA) with different amounts of HEMA (molar ratio of HEMA to M 3 T was 2/10 and 3/10) were obtained by following the above copolymer synthesis process. The structures of the copolymers were confirmed by 1 H NMR. The spectrum and component analysis results of copolymer (M 3 T-HEMA) discussed in our previous paper. The films were characterized using water contact angle measurements system and the pencil hardness tester, and the results are shown in Table 1 . When the copolymers depicted in TABLE 1 were applied to glass slides, the film was opaque. This observation is consistent with the possibility that phase separation occurred between the polymer and the curing agent and that the sample was not fully cured. Different curing agents, such as MDI and polyisocyanate N3300, were used, but there was no significant difference in the properties of the films. From the table, it can also be seen that the molar ratio of HEMA to M 3 T has little effect on the coating surface properties and mechanical properties. Coatings cured at high temperature showed a little higher water contact angle, but no significant improvement in film hardness. 
Coating Properties of Copolymer (tris-trimethylsilypropyl Methacrylate-coTrimethoxysilylpropyl Methacrylate) (Poly(M3T-TMOSPMA)
The copolymers poly(M 3 T-TMOSPMA) with different amounts of TMOSPMA (molar ratios of TMOSPMA to M 3 T were 1/10, 2/10 and 3/10) were obtained by following the copolymer synthesis process described in Experimental. The structures of the copolymers were confirmed by 1 H NMR. The spectrum and component analysis results of copolymer (M 3 T-HEMA) discussed in our previous paper. The films were characterized using water contact angle measurements and pencil hardness tests, and the results are shown in TABLE 2. For this class of copolymers, coatings on glass slides were transparent. Increasing the ratio of TMOSPMA resulted in a slight increase in film hardness. The molar ratio of TMOSPMA to M 3 T and the curing temperature had limited effect on the coating surface properties and mechanical properties. It is thought that if a film with higher film hardness as desired, a higher concentration of curing groups or higher Tg components are needed. In order to improve the mechanical properties of the film such as hardness, higher Tg propyl methacrylate was introduced to the copolymers. A series of three components copolymers poly(M 3 T-TMOSPMA-PMA) with the crosslinking functionality fixed at 10 mole % with respect to M 3 T and different amounts of propyl methacrylate, were synthesized following the same process as the two component copolymers. The films were characterized using water contact angle measurements and pencil hardness tests, and the results are shown in Table 3 . The results showed that when the M 3 T mole percent was more than 6% or the weight percent was more than 15%, the water contact angle measured on the films changed little. When the M 3 T mole percent was less than 6% or the weight percent was less than 15%, the water contact angle increased with the increased amount of M 3 T. Without M 3 T the water contact angle was only 86 degrees. In these systems, M 3 T groups are required to make the surface of coatings hydrophobic. One strategy for maintaining surface hydrophobicity while improving mechanical properties at the same time is to increase the concentration of curing groups. 
